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Abstract
Objectives: To determine diagnostic value of modified Liquid Based Brush Biopsy technique. 
Study design: 26 oral premalignant and malignant lesions in 25 patients (12 females; 54.23±19.77 years and 13 
males; 53.77±15.43 years) underwent Modified (Liquid Based) Brush Biopsy and scalpel biopsy simultaneously 
from the same area. 
Results: There were 16 positive and 10 negative brush biopsy results, with no inadequate readings. Histological 
findings were compatible with oral leukoplakia(n=5)with dysplasia, Oral lichen planus and lichenoid reaction(n=7)
(with or without dysplasia)oral  squamous cell carcinoma(n=11),verrucous carcinoma(n=1) and granular cell tu-
mors( n=2). Sensitivity, specificity, positive predictive value, negative predictive value, positive diagnostic likeli-
hood ratio(LR+) and negative diagnostic likelihood ratio(LR-) were 88.8%,100%,100% , 80%, infinity and 0.11 
respectively(no false positive results).
Conclusion: It is the first attempt to do LBC (liquid based cytology) with a specialized oral brush. Our results show 
that modified technique is a useful tool for screening of oral premalignant and malignant lesions.
Key words: Precancerous conditions,  brush biopsy, liquid-based cytology, diagnostic value, dysplasia, oral 
cancer.
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Introduction
Oral squamous cell carcinoma (OSCC) is  one of the 
most common cancers in some countries and very of-
ten arises from premalignant lesions such as leukopla-
kia, erythroplakia, and Oral Lichen Planus(OLP) (1) . 
Detecting oral malignant and potentially malignant le-
sions in early stages dramatically affects survival rates. 
Unfortunately, 50% of patients have regional or distant 
metastases at the time of diagnosis, which reflects a sig-
nificant diagnostic delay (2,3).
By far clinical examination and histopathological stud-
ies have been used for detection of precancerous and 
cancerous lesions (3). As with other fields of medicine, 
in oral cavity diagnostic approaches are going toward 
noninvasive, simple, inexpensive, painless and acces-
sible methods such as cytology, brush biopsy, toluidine 
rinses, chemiluminiscent devices,and autofluorescence 
spectroscopy (3,4).
Brush biopsy using OralCDx® Brush (CDx laborato-
ries US) is one of these new techniques emerging in the 
recent decade. Diagnostic value of exfoliative cytology 
and brush biopsy has been determined in many studies 
(5-9).
Since 1990, liquid-based cytology (LBC) has been de-
signed to improve slide quality and quantity of conven-
tional cytology (10). Instead of a unique smear, a suspen-
sion of cells is obtained and several slides could be pre-
pared. Up to now, only few studies in oral cavity –based 
on LBC technique– have been published in English 
literature.
In Hayama study 2005, 44 different oral lesions were 
examined by both conventional and liquid based (Au-
tocyte  Inc) cytological examination using a cytobrush 
–not specific for oral mucosa. It was concluded that the 
two techniques led to the same diagnosis and the same 
papanicolao class assigned in all adequate cases. Three 
conventional smears were hypocellular, hence making 
the cytological diagnosis impossible. The LBC prepara-
tions showed a satisfactory higher improvement in slide 
quality (thinness, evenly cell distribution, absence of 
overlapping and bleeding…) (11).
In Navone study 2006, results of conventional exfolia-
tive cytology and LBC (by using dermatologic curette) 
were compared with scalpel biopsy. Both sensitivity 
and specificity were better in LBC group than in con-
ventional cytology. The false negative and positive re-
sults were 7/89 and 2/89 in conventional smear group 
and 4/384 and 3/384 in LBC group. Upon these results 
LBC gives better results and enhances sensitivity and 
specificity (12). It seems that OralCDx technique over-
estimates dysplastic lesions and has a low Positive Pre-
dictive Value (PPV) (13).
Although diagnostic value of brush biopsy or LBC 
technique have been published previously but there are 
some pitfalls: 
First, in many brush biopsy studies not all of samples 
with different brush results underwent scalpel biopsy so 
the reported values for sensitivity, specificity, etc, could 
be questionable.
Second, in the case of performing both brush and biopsy, 
there are few, if ever, studies which both techniques are 
done simultaneously and exactly from the same area. 
Third, all of LBC studies in oral cavity are performed 
using cervical or dermatological tools for sample collec-
tion and never a specialized oral tool (e.g. CDx brush) 
has been employed (11,12).
Because of non rigid nature of cervical brushes, inad-
equate results  are expected. This leads to false negative 
results and significant diagnostic delay (14).
So, this study was planned to use LBC technique em-
ploying a specialized oral brush (OralCDx® Brush), 
simultaneously and exactly from the same area to de-
termine the diagnostic value (sensitivity, specificity, 
positive and negative predictive values and positive and 
negative likelihood ratios) of modified LBC technique 
in detection of dysplasia /malignancy in oral potentially 
malignant and cancerous lesions and to evaluate diag-
nostic agreement between this technique and scalpel 
biopsy.
Materials and Methods
Since only a few laboratories evaluate the OralCDx® 
results by computer-assisted analysis, we examined mi-
croscopic slides visually. First, we designed a pilot study 
on 3 normal mucosa and 7 epithelial lesions to qualify 
slide properties, using standard protocol of OralCDx® 
kits. After manipulation of standard protocol neither the 
quality nor the quantity of slides were suitable for his-
topathologic diagnosis, so we applied an LBC technique 
and modified the conventional protocol in this way:  
First, instead of spreading the brush onto a glass slide, 
the brush was placed in the supplied glass tube, contain-
ing formalin (10%), and sent to the cytopathology lab-
oratory. There the brush and the formalin, containing 
cells dispersed from brush were placed in a vortex for 
5 minutes in 4000 RPM. This centrifugal force helped 
to sediment the cells and taked them off from the brush 
hairs. Then 100 λ (mm3) of this sediment was placed 
onto the cup of Cytospine (Shandon UK) centrifuge 
in 1000RPM (similar to power recommended in this 
vortex for vaginal samples). Two to 4 samples were ob-
tained from each cellular sediment. The more the sedi-
ment was rich in cellular material or blood component, 
the more glass slides were prepared.
The study group consisted of 25 patients (Pts) with 26 
lesions which had been visited from Oct 2005 to Jan 
2007, at Oral Medicine Department of Mashhad Faculty 
of Dentistry and Otorhinolaryngology Departments of 
QAEM, IMAM REZA and OMID hospitals, Mashhad, 
Iran (Table 1).
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The study protocol was approved by the committee 
on ethics of Mashhad University of Medical Sciences 
(MUMS) on the basis of the Helsinki Consent 2005. Pa-
tients were informed with regard to the research objec-
tives, methods, possible benefits and potential risks and 
a written consent was obtained from all participants.
Inclusion criterion was: lesions clinically diagnosed as 
oral potentially malignant  (leukoplakia, OLP) or ma-
lignant lesions (OSCC and verrucous carcinoma) and 
requiring an incisional biopsy for definite diagnosis. 
Exclusion criteria were: A) History of any treatment for 
the lesion (drug, radiation, chemotherapy) and B) A sys-
temic contraindication for scalpel biopsy.
The most impressive site of biopsy was determined 
upon one of these criteria:
1)The most probable site of dysplasia/malignancy (e.g. 
presence of firmness and indurations and roughness or 
red surface.
Or 2) High risk areas for dysplasia/malignancy (e.g. 
Ventral tongue and floor of the mouth).
Or 3) The most surgically accessible site. 
Demographic data  were recorded. After determination 
of the site of biopsy, under local anesthesia, needed for 
scalpel biopsy, the Oral CDx brush was placed in the 
selected area and turned 5 to 10 times until appearing 
pinpoint bleeding-upon to manufacturer’s recommen-
pt No Age(Yrs.) Sex* Clin Dia. † Brush Results Histo Dia. ‡ (P.D.M.H) §
1 65 M SCC¶ Pos SCC level 5
2 48 M LEUK** Pos LEUK level 3
3 71 M SCC Pos SCC level 5
4 67 F SCC Pos SCC level 5
5 74 M LEUK Pos LEUK level 1
6 40 M LEUK Neg LEUK level 2
7 79 F LEUK Neg OLP†† level 1
8 70 F SCC Pos SCC level 5
9 49 F SCC Neg GCT Normal
10 74 F SCC Pos SCC level 5
11 73 F Ver.car‡‡ Pos Ver.car level 5
12 55 F OLP‡‡ Pos OLP level 2
13 70 M OLP Neg OLP Normal
14 47 F SCC Pos SCC level 5
15 36 M OLP Neg OLP Normal
16 36 M OLP Neg OLP Normal
17 39 M SCC Pos SCC level 5
18 69 M SCC Pos SCC level 5
19 35 F SCC Pos SCC level 5
20 64 M SCC Pos SCC level 5
21 35 M OLP Neg OLP Normal
22 52 M OLP Neg OLP Normal
23 42 F SCC Neg GCT Normal
24 70 F LEUK Neg LEUK Normal
25 (Lesion1) 22 F LEUK Pos LEUK level 3
25 (Lesion2) 22 F SCC Pos SCC level 5
Table 1. Demographic data in addition to clinical ,modified(Liquid-Based) brush biopsy and histopathological diag-
nosis.
Abbreviations: *sex is defined as Male(M) and Female(F), †Clinical diagnosis,‡ histopathological diagnosis, § pres-
ence of dysplasia/malignancy in histopathology, ¶ squamous cell carcinoma, **leukoplakia, †† verrucous carci-
noma,,‡‡ oral lichen planus or lichenoid reaction .Brush biopsy results are defined as Positive (Pos),Negative(Neg 
),and in adequate results(IAR).
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dation. The brush was sent to cytopathology laboratory 
immersing in supplied 10 %formalin glass tube. The 
scalpel biopsy was also done immediately in site of pin-
point bleeding.
In cytopathology laboratory, the slides were prepared 
by Modified Liquid BasedTechniques. By using cyt-
ospine vortex the cells were compacted in a 20mm2 area 
Then they were fixed in 96ْ alcohol for 20 minutes and 
papanicolaou staining was done. They were examined 
by a pathologist informed about clinical diagnosis, but 
blind to the histopathological results; using Leica BME 
(Leica Buffalo state, US) microscopes in 100X and 
400X magnifications.
The cytopathological findings were categorized as three 
groups:
1) Positive: dysplastic epithelial changes
2) Negative: absence of any evidence suggesting dys-
plasia
3) Inadequate sampling: means two entities:
A) Inadequate depth of sampling –absence of basal and 
parabasal cell layers in slide
B) Inadequate quantity of cells-hypocellularity                     
Photographs of diagnostic fields were taken by EX-
WAVE HAD (Sony, Japan) camera and recorded using 
ASUS CAMCORDER software. The histopathologic 
preparations were observed by the same pathologist 
blind to cytopathological study and informed about 
clinical diagnosis.
The Pindborg criteria (15) for detecting dysplasia and 
malignancy were used and the histopathologic diagno-
sis was made. The  presence of dysplasia/malignancy 
in histopathology(P.D.M.H) was classified as normal(no 
dysplasia/malignancy), mild, moderate and severe dys-
plasia (level 1 to 3), carcinoma In Situ (level 4) and car-
cinoma (level 5) (Table 1).
Quantitative variables were analyzed by T test as ±SD and 
for qualitative variables χ2 and Exact Fisher tests were 
done using SPSS11.5 software. Sensitivity, spe-cificity, 
positive predictive value (PPV) and negative predictive 
value (NPV)were calculated for modified technique and 
clinical examination. Positive likelihood ratio (LR+) and 
negative likelihood ratio (LR-) were calculated for modi-
fied technique. Kappa value was calculated to determine 
diagnostic agreement between the modified technique 
and scalpel biopsy, the gold standard. 
Results
Thirteen males and 21 females were contributed to 
this study. (Table 1). In one female patient (Table 1 -pt 
No 25) two sites with two different clinical diagnoses 
(one proved to be severely dysplastic and one OSCC 
in histopathologic assessment) were biopsied (Fig. 1). 
The mean age of patients was 54.00±17.38 (12 females; 
54.23±19.77 and 13 males; 53.77±15.43 years).T test re-
vealed senile contingency in two groups. Six lesions 
were clinically diagnosed as OLP, six as leukoplakia, 13 
as OSCCs and one as verrucous carcinoma (Table 1). 
The Modified LBC results showed 10 negative and 16 
positive results, without any inadequate results, hence 
all the specimens included basal and parabasal layers 
and enough quantity. 
Histopathologic results were as follow: (Table 1) 7 le-
sions diagnosed as OLP, 5 as leukoplakia, 11 as OSCC 
and one as verrucous carcinoma, two lesions (pt Nos 
9 and 23), were diagnosed as Granular Cell Tumors 
(GCT) of tongue. 
According to results; sensitivity, specificity, positive 
and negative predictive values of modified LBC tech-
nique were calculated respectively 88.8%, 100%, 100% 
and 80% (Table 2). Positive Diagnostic Likelihood Ra-
tio (LR+) and Negative Diagnostic Likelihood Ratio 
(LR-) were infinity and 0.11 respectively (no false posi-
tive results). 
Clinical diagnosis was in agreement in 88.4% (23/26) 
with histopathological findings. One lichenoid reaction 
clinically diagnosed as leukoplaklia and two granular 
cell tumors clinically diagnosed as OSCCs. 
Fig. 1. Pt no.25.A) malignant changes (posterior portions) in a 
severely dysplastic leukoplakia(anterior portions) on maxillary 
gingiva.B)LBC prepared cytologic slides revealed dysplasia in leu-
koplakic area ,note to different nucleus size and high protein syn-
thesis(  ↑ )activity (100X magnification –  Papanicolaou  staining).
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In 92.3 %( 24/26, p<0.001) results of modified LBC were 
in agreement with presence of malignancy/dysplasia in 
histopathology. The two false negative results were out-
comes of histopathologically focal dysplasia (One mild 
and one moderate dysplasia). 
Kappa value (an index of diagnostic agreement) was 
calculated 0.806 for modified LBC and scalpel biopsy. 
Discussion
In our study, sensitivity, specificity, PPV and NPV of 
modified LBC technique were calculated as follow: 
88.8%, 100%, 100% and 80% (Table 2). All the samples 
contained cells of all epithelial layers (including basal 
and parabasal layers).
It is the first attempt to apply Liquid Based Cytology 
(LBC) using a specialized oral cytology instrument 
(OralCDx® Brush), hence other LBC studies in oral 
cavity have used cervical or dermatologic tools for sam-
ple collection (11,12).
Because of specialized designed rigid hairs of CDx 
brush, all the samples contained deep epithelial layers. 
This is an advantage, which can resolve the problem of 
false negative and inadequate results and help to im-
prove sensitivity.
In our experience brush biopsy could reveal dysplas-
tic changes in all OSCCs, and In four of six (86.5%) 
histopathologically dysplastic lesion, dysplasia was de-
tected. Two focal dysplastic lesions had negative brush 
biopsy results. These  two false negative results were 
observed in case no 6 and 7 (Table 1), both diagnosed 
clinically as oral leukoplakia (although histopathologic 
findings of case no 7 were compatible with OLP).
Although false negative ratio (11%=2/18) was slightly 
higher than other studies (3.5%, 1.9%, 5%) ( 9, 14,16,17), 
because of small sample size, especially in premalig-
nant lesions, it is not possible to compare researches. In 
Svirsky  research 2002, within 4 false negatives, only 
1 “actually false negative” was reported. Other nega-
tive results seemed to originate from incompatible site 
and time of both biopsy techniques (7). In our study, 
performing brush biopsy simultaneously on the exact 
biopsy site could compensate this shortcoming.
Table 2. 2 x 2 contingency table for the modified (Liquid-based)brush biopsy com-
pared to histhopathologic study, the golden standard.
Brush biopsy 
results
Gold Standard
Total
Normal Disease (dysplasia /malignancy)
Positive 16 0 16
Negative 2 8 10
Total 18 8 26
Two clinically diagnosed malignancies (OSCCs)-proved 
to be granular cell tumors of tongue- had negative brush 
results. This suggests more specifity for brush compared 
to clinical diagnosis.
Sensitivity 88.8was almost similar to some results of 
oral exfoliative cytology researches (86.5%, 71.4%, 
92.3%) (9,17,18) and in contrast to results of other study 
with extremely high sensitivity (100%) (19) 100% PPV 
was higher than previous studies (38.3% 7.4%and 7.9%) 
(7,13), it can be due to higher prevalence of dysplasia 
and malignancy in our sample group (20). 
LR+ and LR- are two tools that combine information 
about the sensitivity and specificity of a test and are not 
commonly reported in oral medicine’s literature. LR+ 
>10 and LR- <0.1 makes a test suitable for clinical use 
.They were infinity and 0.11 respectively that empress 
positive results may be always true .it seems that this 
finding is because of great prevalence of disease in 
study group and larger sample size can near this result 
to more realistic value.LR- =0.11 shows “moderate de-
crease in the likelihood of the disease”.
There was a high diagnostic agreement between brush 
biopsy and histopathologic examination. In two dysplas-
tic lesions the brush could not reveal atypical changes, 
so contingency coefficient was   92.3%. 
Kappa value was calculated to show diagnostic agree-
ment. Based on literature review Kappa value has not 
been calculated for brush biopsy yet. Kappa result 
(0.806) was greater than 0.7 and shows substantial 
agreement between brush biopsy and scalpel biopsy.
Based on our study, high sensitivity, specificity, LR+ 
and Kappa value, showed that modified LBC is a suit-
able test for clinical use. Our modification can eliminate 
some of disadvantages of the conventional, brush and 
liquid –based cytology, previously attempted in oral 
cavity.
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